We present a study of the relative sizes of planets within the multiple candidate systems discovered with the Kepler mission. We have compared the size of each planet to the size of every other planet within a given planetary system after correcting the sample for detection and geometric biases. We find that for planet-pairs for which one or both objects is approximately Neptune-sized or larger, the larger planet is most often the planet with the longer period. No such size-location correlation is seen for pairs of planets when both planets are smaller than Neptune. Specifically, if at least one planet in a planet-pair has a radius of 3R ⊕ , 68 ± 6% of the planet pairs have the inner planet smaller than the outer planet, while no preferred sequential ordering of the planets is observed if both planets in a pair are smaller than 3R ⊕ .
INTRODUCTION
Approximately 20% of the planetary candidate systems discovered thus far by Kepler (Borucki et al. 2010 ) have been identified as having multiple transiting candidate planets (Batalha et al. 2012) . As Kepler continues its mission, the number of multiple planet systems is likely to grow -not only because the total number of systems known to host planets will increase, but also because previously identified "single"-candidate systems may be found to have additional planets not previously detected. For example, 96 (11%) of the "single" candidate systems from the Borucki et al. (2011) Kepler Object of Interest (KOI) list are now listed on the Batalha et al. (2012) KOI list as having multiple planetary candidates. Thus, understanding planets in multiple systems is not only important for placing into context our own Solar System (the best studied planetary system), but multiple planetary systems may turn out to be the rule rather than the exception.
Typical detailed confirmation of individual planetary systems takes a concerted ground-based observational and modeling effort to rule out false positives caused by blends (e.g., Batalha et al. 2011; Torres et al. 2011 ). However, the multiple candidate systems provide additional information that can be used to confirm planets directly via transit timing variations (Steffen et al. 2012a; Fabrycky et al. 2012a) or via statistical arguments that multiple transiting systems discovered by Kepler are almost all true planetary systems (Latham et al. 2011; Lissauer et al. 2011b Lissauer et al. , 2012 . Indeed, based upon orbital stability arguments, ≈ 96% of the pairs within multiple candidate systems are most likely real planets around the same star (Fabrycky et al. 2012b The higher statistical likelihood that candidates in multiple systems are true planetary systems has enabled studies of the properties of planetary systems with a lower level of false positive contamination than would be expected if all transiting systems were studied. The overall false positive rate within the Kepler candidate sample has been estimated to be 10 − 35% (e.g., Morton & Johnson 2011; Santerne et al. 2012 ), but in comparison, the overall false positive rates among the multiple transiting systems is expected to be 1% (Lissauer et al. 2012) .
The multiple candidate systems also provide another level of certainty to the studies of planetary systems. The quality of knowledge of planetary characteristics for individual planets often is dependent upon the quality of knowledge of the host stellar characteristics. For example, planetary radii uncertainties for transiting planets are dominated by the uncertainties in the stellar radii (transit depth ∝ (R p /R ⋆ )
2 ), and changes in our understanding of the stellar radius can greatly alter our understanding of the radii of individual planets (e.g., Muirhead et al. 2012) . By studying the relative properties of planets within multiple systems, systematic uncertainties associated with the stellar properties are minimized, Understanding the relative sizes and, hence, the relative bulk compositions and structures of the planets within a system can yield clues on the formation, migration, and evolution of planets within an individual system and on planetary systems as a whole (e.g., Raymond et al. 2012 ). Within our Solar System, the distribution of the unique pair-wise radii ratios for each planet compared to the planets in orbits exterior to its orbit (e.g., Mercury-Venus, Mercury-Earth, . . . MercuryNeptune, Venus-Earth, Venus-Mars, . . . etc.) is dominated by ratios less than unity (i.e., the inner planets are smaller than the outer planets). For the 8 planets in the Solar System, 20 of the 28 (70%) unique radii ratios are < 1, but only 3 out of 7 (42%) of neighboring pairs display this sequential size hierarchy. If only the terrestrial planets are considered (Mercury, Venus, Earth, Mars), the fraction is 2/3 with only Mars being smaller than its inner companions.
How the planets sizes are ordered and distributed is likely a direct result of the how the planets formed and evolved. For example, Mars, being the only terrestrial planet in our Solar System that does not follow the sequential planet size distribution, may be a direct result of the formation and migration of Jupiter, inwards and then back outwards leaving a truncated and depleted inner disk out of which Mars was formed (Walsh et al. 2011) . Lissauer et al. (2011b) noted, for adjacent planets within the Kepler multiple-candidate systems, that the distribution of radii ratios for adjacent planets is symmetrically centered around unity, but hints of a planetary size hierarchy can be seen in multi-planet systems discovered by Kepler. Kepler-11, which has 6 transiting planets (Lissauer et al. 2011a ) with the smallest planets residing preferentially inside the orbits of larger planets. Kepler-11 displays an anti-correlation between the mean density of the planets and the semi-major axis distance from the host star; i.e., the larger and lower density planets are located further out than the smaller and denser planets, possibly indicative of the formation and/or evolution of the planetary system (Migaszewski et al. 2012) . Kepler-47, the only known circumbinary multiple planet system, also displays a size hierarchy with the inner planet (∼ 3R ⊕ ) being smaller than the outer planet (∼ 4.6R ⊕ ; Orosz et al. 2012 ). Yet, in Kepler-20 (a 5-planet system), the relative sizes of the planets do not appear to correlate with the orbital periods of the planets (Gautier et al. 2012; Fressin et al. 2012) . But these are only three systems. Is there an overall correlation of planetary size with orbital period?
Here we explore the relative sizes of the planetary radii for all planet pairs within the multiple candidate systems discovered thus far by Kepler (Batalha et al. 2012) . In this work, we refer to the Kepler candidates as "planets" though the majority have not been formally validated or confirmed as planets; as discussed above, candidates in multiple candidate systems are statistically more likely to be true planetary systems (Latham et al. 2011; Lissauer et al. 2011b Lissauer et al. , 2012 . We seek to characterize the planetary size hierarchy, as a function of the number of planets detected in the systems and the properties of the stellar hosts, and explore if the size hierarchy seen within the inner Solar System also occurs in the Kepler multiple-candidate sample.
THE SAMPLE
The sample used here is based upon the 2012 KOI candidate list published by Batalha et al. (2012) ; a full description of the KOI list, the vetting that list underwent, and the characteristics of the sample set as a whole are described in the catalog paper. There are 1425 systems with a single candidate, 245 systems with two planet candidates, 84 systems with three planet candidates, 27 systems with four planet candidates, 8 systems with five planet candidates and one system with 6 planet candidates. Here we wish to investigate the overall distribution of planet sizes as a function of orbit; that is, do outer planets, in general, tend to be larger than inner planets?
A smaller planet (e.g., shallower transit) will be more easily detected if the period is short, simply from the fact Figure 1 . Distribution of the transit signal-to-noise ratio for all the detected "multiple" candidates from Batalha et al. (2012) . The solid curve is an exponential fit to the SNR distribution, and the vertical dashed line at SN R = 25 marks approximately where the exponential no longer adequately describes the distribution (see inset figure) .
that the number of observed transiting events increases with shorter orbital period. In a complementary manner, the larger planets are more easily detected at all periods, up to some period threshold where only 2 − 3 transits are detected. Batalha et al. (2012) tabulate for each candidate the transit period, the transit duration, the impact parameter, and the signal-to-noise of the transit fits. The signal-to-noise ratios, coupled with the transit periods and the impact parameters, enables us to debias the sample for these observational detection efficiencies (see also Lissauer et al. 2011b) .
The multiple candidate systems were identified primarily by searching the single candidate systems specifically for additional transiting planets. Thus, there could potentially be a detection bias of which we are unaware that is not found in the single candidate systems. However, no substantial difference between single planet systems and the multiple planet systems were found, except for the lack of hot Jupiters in the multiple planet systems (Latham et al. 2011; Steffen et al. 2012b) . The overall size distribution of the planets and the signal-to-noise detection thresholds appear to be similar between the single candidate and multiple candidate systems.
To understand better the detection thresholds for the multiple candidate systems, we have used the distribution of the total transit signal-to-noise to estimate where the the distribution of planets in multiple systems appears to be complete (Figure 1 ). Assuming the signal-tonoise distribution can be characterized with an exponential function where the distribution is complete, we have used the point in the signal-to-noise distribution function where the exponential no longer adequately describes the distribution as the fiducial for completeness. Fitting the exponential, we find a turnover in detected samples at a SN R ≈ 25. We use this SNR threshold to debias the radii-ratio distribution of planets in multiple-candidate systems.
The total signal-to-noise of all the detected transits for each planetary candidate is predicted for all the observed orbital periods within a system. A planet-pair is retained in the analysis only if the predicted total transit signal- to-noise ratios for both planets at the orbital period of the other planet exceeds the signal-to-noise threshold of SN R > 25. The predicted signal-to-noise ratio is determined by scaling the measured total signal-to-noise ratio of the planet by the ratio of the orbital periods. Assuming all else is equal, the total signal-to-noise of all the detected transits for a given planet scales with the orbital period as P −1/3 . For a given planet, the total signal-to-noise of all detected transits is proportional to the total number of points (n) detected in all of the transits (e.g., von Braun, Kane, & Ciardi 2009) 
where N is the total number of individual transits detected, and n t is the number of points detected within a single transit. The number of transits detected is inversely proportional to the orbital period (N ∝ 1/P ), and the number of points detected per transit is proportional to the transit duration (n t ∝ t dur ); thus, the total signal to noise of the detected transits can be parameterized as
The transit duration (t dur ) is proportional to the cube root of the orbital period (t dur ∝ v −1 orb ∝ P 1/3 ); thus, the total signal-to-noise ratio of the detected transits scales with the orbital period as
An additional restriction on the sample was made such that no planet candidate was included that has an impact parameter of b ≥ 0.8. At such high impact parameters, the transit parameters, particularly the transit depth (i.e., the planet radius), are less certain. Using the SN R > 25 detection threshold and the impact parameter restrictions, there are 96 multiple-candidate systems with 159 pairs of planets (228 individual planets) in the analysis.
All of the planet-pairs used in the analysis of this paper are summarized in Table 1 ; planets are labeled with roman numerals (I,II,III,IV,V,VI) in the order of increasing orbital period. These letters do not necessarily correspond to KOI fraction numbers (e.g., .01, .02, ...) nor do they correspond to the confirmed planet letters (e.g., Kepler-11b, Kepler-11c, ...). After the signal-to-noise and impact parameter cuts, the largest planet in the sample is 13R ⊕ , and the median planet radius is ≈ 2.5R ⊕ ; the smallest planet retained in the sample has a radius of 0.75R ⊕ . The orbital periods of the planets in this sample span 0.45 days to 331 days, with an median period of ∼ 13.1 days. The distributions of the radii and orbit periods for the 228 planets retained in the sample are shown in Figure 2 .
Previous work indicates that the detected planets in the Kepler multiple-candidate systems have mutual inclinations of 1
• − 3
• (Fabrycky et al. 2012b; Fang & Margot 2012) . Due to the usual limitation of the transit technique in only detecting planets that are very nearly edge-on, the Kepler sample used here is naturally biased to systems of nearly coplanar planets. The prevalence of Kepler multiple-candidate systems shows that there is a large population of such systems with small planets and orbital periods of tens of days ( Figure 2 ). It may be that other system architectures with higher mutual inclinations or different period ranges do not show the same trend in planet sizes that we describe herein. Observed cumulative distribution of the planet-radii ratios for all planet pairs (black histogram), and the predicted cumulative distribution for planet radii drawn randomly the measure planet sample (grey histogram). The horizontal dot-dash line marks the fraction of planet pairs with R inner /Router < 1; the grey region marks the 1σ confidence interval for this fraction. The vertical dashed line marks the boundary where R inner /Router = 1, and the horizontal dashed line marks the 50% fraction.
DISCUSSION
We have calculated the ratios of the inner planet radius to the outer planet radius for each unique pair of planets within a system (R inner /R outer ), and the cumulative fraction distribution is displayed in Figure 3 . If there were no preference for the ordering of planet sizes, the chance that a given planet-radii ratio is larger than unity would be equal to the chance that the ratio is below unity, and the cumulative fraction distribution would pass through 50% at log(R inner /R outer ) = 0 (R inner /R outer = 1).
In contrast, 59.7
+4.1 −4.2 % of the planet pairs are ordered such that the outer planet is larger than the inner planet (R inner /R outer < 1). The resulting fraction deviates from the null-hypothesis expectation value of 50% by ≈ 2.5σ. The 1σ upper and lower confidence intervals are based upon the Clopper-Pearson binomial distribution confidence interval (Clopper & Pearson 1934) . The Clopper-Pearson interval is a two-sided confidence interval and is based directly on the binomial distribution rather than an approximation to the binomial distribution. We do caution that in applying the ClopperPearson confidence interval there is an implicit assumption that all of elements of the sample are uncorrelated. Given that not all planet-pairs are from independent stellar systems, there may be a correlation between individual planet-pairs within a system (i.e., planet I is smaller than planet III because it is smaller than planet II), and the Clopper-Pearson confidence intervals may underestimate the true uncertainties in the fractions.
In addition to the confidence intervals, the significance of the observed fraction in comparison to the null hypothesis can be evaluated through the χ 2 statistic. The probability of the observed fraction (96/159 = 59.7%) when compared to the expected fraction (79.5/79.5 = 50%) yields χ 2 = 6.0 with a probability of only 1.4% that the observed fraction is observed only by chance (see Table 2) .
We also have performed three additional observational tests to assess if the observed fraction may be the result of an unrecognized bias in the sample. The first test repeated the above analysis, but for each unique planet pair, the measured radii were replaced with radii randomly drawn from the overall radius distribution as measured by Kepler; the same set of periods within a given system were retained. The same impact parameter and signal-to-noise restrictions described above ( §2) were applied (e.g., if a planet radius was drawn that was too small to be detected at the orbital period (SN R < 25), a new radius was randomly drawn until the SN R threshold was met). The random draw was performed 10,000 times for each unique pair of planets, and the cumulative distribution of the planet-radii ratios for all of the random draws is displayed in Figure 3 . As expected, the random draw distribution displays no size ordering preference; i.e., the fraction of planets with R inner /R outer < 1 is ≈ 50%. Based upon a Kolmogorov-Smirnov test, the observed distribution and the random draw distribution are not drawn from different parent distributions with only a probability of 3 × 10 −8 -indicating that the observed planet radii ratio distribution has a preferential ordering such that smaller planets are in orbits interior to larger planets.
We also tested if the observed fraction of planet-radii ratios with R inner /R outer < 1 is dependent upon the signal-to-noise ratio threshold chosen. In Figure 4 , the fraction of planet pairs where the inner planet is smaller than the outer planet is plotted as a function of the required signal-to-noise threshold. If no signal-to-noise threshold is required, the fraction is > 70%, and as the signal-to-noise threshold is increased, the fraction systematically decreases and levels out near ∼ 60%. The higher fractions at a lower signal-to-noise threshold result from incompleteness of the sample (i.e., it is easier to detect larger planets at all orbital periods). As the signalto-noise threshold is increased the fraction of planet-radii ratios below unity decreases, but does not systematically approach 50%, as would be expected if there was no preferential size ordering of the planets. Rather, the fraction asymptotically approaches 60% for SN R threshold > 20, indicating the SN R threshold = 25 threshold ensures that the analysis presented in Fig. 3 is based upon a sample not significantly biased by completeness.
The final test performed was to determine if the observed fraction is dependent upon the maximum period of the outer planet (see Figure 5 ). Transit surveys are typically more complete at shorter orbit periods, and if there truly was no preference for planet size ordering, the fraction would decline and approach 50% as the maximum orbit period was decreased. Within the confidence intervals, the observed fractions are independent of the maximum outer orbital period and are consistent with the observed ≈ 60% fraction for the entire sample. The fractions do not approach 50%, at shorter orbital period as would be expected for a random distribution. In fact, a slight (but not statistically significant) hint of a higher fraction is observed if the maximum period is P < 20 days.
Overall, if the ordering of planets within a given system was random such that there was no sequential ordering of the planets by size, the probabilities of a planet-radii ratio being above or below unity would be equal. But that is not what is observed; the three above tests (i.e., the random radius draw, the SN R threshold , and the maximum outer orbital period), in combination with the χ 2 Figure 5 .
The observed fraction of planet pairs with R inner /Router < 1 is plotted as a function of maximum outer orbital period cut-off, showing the fraction asymptotically approaches the value of ∼ 0.6 for P 20. The dashed line marks the observed fraction for the whole sample; the dotted lines mark the 1σ confidence interval (from Fig. 3 ). The numbers above each data point indicate the number of planet-pairs that appear in that period bin (Pouter < Pmax).
probability statistic and the confidence intervals, indicate that for ≈ 60% (2.5σ) of the unique planet pairs within the Kepler multiple planet systems, the inner planet is smaller than the outer planet, with only a 1.4% chance of this being observed by chance. In the following subsections, we explore if and how the number of planets in the system, the orbital separation of the planets, the temperature of the stars, and the size of the planets themselves may affect the observed size hierarchy of the planets in multiple-planet systems. . Observed fraction of planet-pairs with the inner planet being smaller the outer planet plotted as a function of the number of KOIs within a system.The dashed line marks the observed fraction for the whole sample; the dotted lines mark the 1σ confidence interval (from Fig. 3 ).
The Number of Planets and Orbital Separation
If formation and evolutionary mechanisms within a planetary system affect the size distribution and ordering of planets within a system, one might expect to observe differences in the size ordering as a function of the number of planets within a system. When the planets are divided into groups based upon the number of detected planetary candidates in the system (e.g., 2-, 3-, 4-, 5-, and 6-candidates), the fractions do not change appreciably from the fractions calculated for the entire sample set. This can be seen in the both χ 2 statistic (Table 2) where the χ 2 and associated probabilities are all comparable to each other and in Figure 6 , where the observed fractions (with confidence intervals) are plotted and display no dependence on the number of planets in the system. While the number of systems with more than 3 planets have relatively large uncertainties and poor statistics because of the small numbers of the 4-, 5-, and 6-candidate systems, there is no correlation of the fraction of size-ordered planets with the number of planets within a planetary system.
It might be expected that planets nearer to the central star would undergo a higher level of photo-evaporation than planets at longer orbital periods and, thus, the relative sizes of the planets would be more extreme if the planets are more widely separated (larger orbital period ratio). To test this, we have plotted the planet-radii ratios vs. the orbital period ratios and the inner and outer planet orbital periods (Fig. 7) . Using the Spearman nonparametric rank correlation function, we find that the distributions are likely uncorrelated. The correlation coefficients for the three distributions shown in Fig. 7 are 0.14, 0.22, and 0.10 with probabilities to be exceeded in the null hypothesis of 0.06, 0.004 and 0.08, respectively. Additionally, to search for a non-zero slope that might indicate the planet-radii ratios are related to or dependent upon the period or period spacings, we have fitted a linear model 6 to each of the distributions. Each of the distributions are statistically consistent with a flat distribution as a function of period ratio and orbital period; the slopes of the fitted linear models were found to be 0.29 ± 0.15 for the radii ratios vs. period ratios (Fig. 7  top) , 0.0009 ± 0.001 for the radii ratios vs. the inner orbital period (Fig. 7 middle) , and −0.0002±0.0005 for the radii ratios vs. the outer orbital period (Fig. 7 bottom) . In general, we find no correlation between the orbital period separation (or orbital periods themselves) and the size-ordering of the planets.
Stellar Temperature
We have also explored whether there is a correlation between the distribution of planet-radii ratios and the effective temperature of the host stars. We have produced planet-radii ratio distributions, but separated out by the stellar temperature. We chose temperature ranges that roughly correspond to the spectral classification of M and K-stars (< 5000 K), G-stars (5000 − 5800 K), and F-stars (> 5800 K; Ciardi et al. 2011) . The cumulative distributions of the planet-radii ratios for each of the stellar temperature groups are displayed in Figure 8 .
Overall, all three distributions are shifted to lower ratios in comparison to the random draw distribution from ities of > 75% -indicating that, in general, the preferential planet size ordering occurs at approximately the same level (i.e., ≈ 60% the unique planet pairs have R inner /R outer <) across the stellar temperature range. A summary of the planet-radii ratios, the fraction of ratios that exhibit smaller inner planets, and the significance of those fractions based upon the confidence intervals and χ 2 statistic is given in Table 3 for each of the stellar temperature groups.
There does appear to be an slight trend such that as the stars become warmer they contain a larger fraction of planet-pairs sequentially ordered by radius. For the cooler stars (< 5000 K), this fraction is 55 ± 9%, while for the warmer stars (> 5800 K), this fraction is 65 ± 9%. The resulting χ 2 statistics for these three samples indicates that the observed fractions differ from the null hypothesis fraction of 50% more significantly for the warmer stars than for the cooler stars (Table 3) . This trend could be a result of higher planetary evaporation rates associated with the higher luminosity stars or perhaps could result from the warmer (i.e., more massive) stars tending to contain larger (i.e., more massive) planets (see Figure 8 and Table 3 ).
The median planet radius does not vary significantly between the three stellar groups (2.2 − 2.6R ⊕ ; see Table 3 ), but the size of the largest planets in each group Figure 8 . Top: Observed cumulative distributions of the planetradii ratios as is displayed in Fig. 3 , except the distributions have been separated out by stellar effective temperature and identified by the plot colors (as labeled in the plot). The plot markings as the same as those in Fig. 3 . Bottom: Cumulative distributions of the individual radii for the planets that are used to determine the planet-radii ratios throughout the paper, separated out by stellar effective temperature (as labeled in the plot).
does. The G and F stars (T ef f > 5000 K) contain Saturn-sized and Jupiter-sized planets (in addition to smaller planets), while the cooler (T ef f < 5000 K) contain Neptune-sized planets and smaller (see Figure 8 and Table 3 ). In this sample, 15% of the planets around Gstars, and 25% of the planets around the F-stars, are Neptune-sized or larger; the cooler stars host only 6 (4%) planets larger than Neptune, and these four planets orbit three stars with effective temperatures of > 4900K (KOI 757, 884, 941). The absence of large planets around cooler stars is evident in the cumulative distribution of the planet radii (Fig. 8 ) and in the smaller median absolute deviations of the median planet radius for each stellar group (Table 3) . This paper is not intended to provide a discussion of the occurrence rates of planets or a detailed analysis of the size distribution of planets (e.g., Howard et al. 2012) , but this may imply that the cooler (i.e., smaller) stars only produce smaller planets that do not preferentially follow a size hierarchy of planets . In fact, large planets around small stars may not form at all (Endl et al. 2003; Johnson et al. 2010) or, if they do, they may not survive their youth (e.g., van Eyken, Ciardi, von Braun et al. 2012) . Thus, cool stars may only be left with a population of relatively small planets (Lopez et al. 2012) . The warmer stars, in contrast, appear to host a larger array of planet sizes with a slightly higher preference for the larger planets (>Neptune-sized) to be in longer orbits exterior to the orbits of the smaller planets. Given that there appears to be only a weak correlation with the planet-radii ratio and the orbital period (ratio), perhaps the formation and migration of large planets (perhaps in conjunction with photo-evaporation of the innermost planets) is necessary for a radius hierarchy to present.
Planet Radius
If hotter stars tend to show a planet radius hierarchy and the hotter stars also host relatively larger planets, then the planet hierarchy might be expected to be correlated with the planet size. In Figure 9 , we compare the sizes of the planet radii for the inner and outer planets for each pair of planets within the sample. The overall planet-radii ratio is near unity but there is more scatter below than above the unity line (i.e., smaller planets are interior to larger planets). There are 36 planet-pairs where the outer planet is > 50% larger than the inner planet (R inner /R outer ≤ 0.67); in contrast, there are only 13 planet-pairs where the inner planet is > 50% larger than the outer planet (R inner /R outer ≥ 1.5). Figure 9 . Comparison of the inner planet radius to the outer planet radius for each pair of planets, The dashed line delineates unity and the dotted lines mark the boundaries where one planet is 50% bigger than the planet to which it is compared (ratio = 0.67 if the outer planet is larger and ratio = 1.5 if the inner planet is larger).
For the planet-pairs that are in these relatively extreme ratio pairs, we have plotted the radii distributions of the candidates, separated out by inner and outer planet and by the sense of the ratio (see Figure 10 ). For the pairs where the outer planet is significantly larger, the ratio tends to be dominated by relatively large planets. Half (18/36) of the outer planets are Neptune-sized or larger (> 4R ⊕ ), while only 25% (9/36) of the inner planets are very small (e.g., Earth-sized < 1.5R ⊕ ) planets. In contrast, for those planet-pairs where the inner planet is much larger than the outer planet, the pairs are evenly split between relatively small outer planets (6/13 are < 1.5R ⊕ ) and relatively large inner planets (5/13 > 4R ⊕ ).
It appears that for there to be a planet radius hierarchy, one of the planets most often needs to be ∼Neptune-sized or larger. To explore this more closely, we have calculated the fraction of planet-pairs with (R inner /R outer < 1), if at least one planet is larger than some maximum planet radius (R p ), or if Figure 10 . Distribution of the planet radii for those planet pairs where one planet is > 50% larger than the other planet. The top panel is for those planet pairs where the outer planet is larger than the inner planet (R inner /Router ≤ 0.67); the bottom panel is for those planet pairs where the inner planet is larger than the outer planet (R inner /Router ≥ 1.5); both planets are smaller than that same maximum planet radius (R p ), or if both planets are larger than that same maximum planet radius.
The fractions were calculated for maximum planet radii of R p = [1.5, 2.0, 2.5, 3.0, 3.5, 4.0, 4.5]R ⊕ (see Figure 11 ) and are tabulated in Table 4 .
If planets-pairs with planets larger than 3R ⊕ are excluded, the fraction is very near 50% with little preference for sequential planet ordering, but if one planet in the pair is larger than ∼ 3R ⊕ , the observed fraction of planet-pairs with (R inner /R outer < 1) is 68 ± 6% -a 3σ separation from the random ordering fraction of 50% (see Table 4 ). Based upon the χ 2 statistic and probability and the confidence intervals, the fraction of planet pairs is significantly above 50% only when Neptune-sized planets or larger are allowed in the pairs.
The fraction is most significant when Neptune-sized or larger planets are compared to planets of all sizes (top panel Fig 11) ; the χ 2 statistic are all > 4 with a 1% probability that the non−50% fractions are achieved solely by chance. When the sizes of both planets are restricted to radii smaller than Neptune, the fractions remain near or below 50% (middle panel Fig 11 and Table 4) , with a 15% probability of the observed fractions being generated by chance for the null-hypothesis distribution. When both planets within a planet pair are restricted to planets larger than a certain radius, sequential ordering of the planet sizes is still apparent, but is less significant (bottom panel Fig 11 and Table 4 ). If both planets in a pair are 3.0R ⊕ , then the observed fraction of planet-pairs where the inner planet is smaller than the Figure 11 . The fraction of planet-pairs with (R inner /Router < 1) are plotted as a function of maximum planet radius. In the top panel, only those planet-pairs are included that have at least one planet that is larger than a planet radius Rp. In the middle panel, only those planet-pairs are included where both planets are smaller than a planet radius Rp. In the bottom panel, only those planetpairs are included where both planets are larger than a planet radius Rp. The numbers underneath each data point list the number of pairs in that bin. In each panel, the dashed-dot line and grey area delineate the fraction and uncertainties found for the entire sample (from Fig. 3) ; the dashed line delineates the 50% fraction.
outer planet are consistent with no planet size hierarchy. These results suggest that the size ordering primarily occurs when a system contains both superearth-sized (or earth-sized) planets and Neptune-sized or larger planets, and may be a direct result shepherding of smaller inner planets by larger outer planets (Raymond et al. 2008 ).
SUMMARY
We have performed a study of the relative sizes of planets within the multiple candidate systems using the Kepler planetary candidate list (Batalha et al. 2012) . For each multiple planet system, we have compared the radius of each planet to the radius of every other planet within a planetary system, after correcting for detection biases. We find that for planet-pairs for which one or both objects is approximately Neptune-sized for larger, the larger planet is most often the planet with the longer period, while no such size-location correlation is seen for pairs of planets when both planets are smaller than Neptune. Overall, for all planets-pairs in the sample, 60±4% of the unique planet pairs are structured in a hierarchical manner such that the inner planet is smaller than the outer planet. If at least one planet in the planet-pair is Neptune-sized or larger ( 3R ⊕ ), the fraction of inner planets being smaller than outer planets is ≈ 68 ± 6%. However, if both planets are smaller than Neptune, then the fraction is consistent with random planet ordering (53 ± 6%) with no apparent size hierarchy.
The planet radius size hierarchy may be a natural consequence of planetary formation and evolution. In particular, the sequential ordering may be a result of a combination of core accretion, migration, and evolution. Core accretion models predict that smaller planets are expected to form prior to and interior to the giant planets (Zhou et al. 2005) . Additionally, larger planets formed further out may migrate inwards, shepherding smaller planets inward as the planets move (Raymond et al. 2008 ).
This scenario is consistent with the planet size hierarchy being observed for planets pairs involving Neptunesized planets, but being absent for small planet pairs and for the planets around cool stars. For the cooler stars, the forming planets may begin migrating prior to starting rapid gas accretion (e.g., Ida & Lin 2005) , coupled with a lower extreme ultraviolet luminosity that is not capable of substantially evaporating the planets (Lopez et al. 2012) . For example, Lopez et al. (2012) suggest that the Kepler-11 planets did not form in situ, but rather, the planets formed beyond the snow line, migrated inwards, and were evaporated by the star to their present sizes.
These scenarios (perhaps, all in concert) predict a radius hierarchy of planets as a function of orbital distance from the central host star, in particular, predicting that Neptune-sized and larger planets are outside super-Earth and terrestrial-sized planets. As Kepler discovers more planets in longer orbital periods, it will be interesting to learn if our Solar System is indeed typical of the planetary architectures found in the Galaxy.
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